Abstract. Determination of levels of tolerance in delaminated composite panels is an important issue in composite structures technology. The primary intention is to analyse delaminated composite panels and estimate Strain Energy Release Rate (SERR) parameters at the delamination front to feed into acceptability criteria. Large deformation analysis is necessary to cater for excessive rotational deformations in the delaminated sublaminate. Modified Virtual Crack Closure Integral (MVCCI) is used to estimate all the three SERR components at the delamination front from the finite element output containing displacements, strains and stresses. The applied loading conditions are particularly critical and compressive loading on the panel could lead to buckling of the delaminated sublarninate and consequent growth of delamination. Numerical results are presented for circular delamination of various sizes and delamination at various interfaces (varying depth-wise location) between the base-and the sub-laminates. Numerical data are also presented on the effect of bi-axial loading and in particular on compressive loading in both directions. The results can be used to estimate delamination tolerance at various depths (or at various interfaces) in the laminate.
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Introduction
Delaminations (figure 1) occur in composite structures, and these can be broadly classified as material induced (due to poor quality of raw material or excessive solvent in resin), process induced (because of non-wetting of fibres or resin starvation), thermally induced (owing to non-uniform temperature rise in laminate resulting in thermal stresses or improper curing), and stress/environment induced (due to low velocity impact loading or hostile environment such as high humidity, vibration etc.). These defects do not necessarily manifest themselves on the outer surface of the component, could grow during operation and may lead to total delamination of some of the layers of the component. The consequences of this delamination are loss of stiffness and critical compressive strength of the laminated panel.
Three-dimensional finite element software was developed to analyse circular/elliptical delaminations and to assess tolerance levels based on fracture mechanics principles. Special features of the analysis include the adoption of a super-element (Jones et a11984) and its implementation to handle large numbers of layers in the composite, the use of appropriate reduced integration (Naganarayana 1991) techniques, and the implementation of recent developments (Badari Narayan et al 1994) by some of the present authors to estimate Strain Energy Release Rate (SERR) components at curved three-dimensional delamination front. Parametric study was conducted on a typical 7r/ 4 laminate of 42 layers. Numerical studies were conducted to bring out the influence of delamination size and depthwise location, and effect of uni-axial and bi-axial compressive loads on the panel.
Description of the problem
A square composite panel of 2W x 2W containing an elliptic delamination of (figures I and 2) 2a x 2b located at the centre of the panel is considered for analysis. N s specify depth-wise locations of delamination interfaces. The panel is simply supported along all the four edges. For cases of uni-axial or bi-axial loading, only one quarter of the panel (ABCD) is analysed. The loading is compressive strain Ex and Ey along x and y directions applied along BC & CD. AB & AD are assumed to be aXeS of symmetry. In principle, though the geometry of the panel is symmetric about AB and AD, the +45 0 -45 0 layers would disturb symmetry. However, numerical studies conducted in the present work (not presented in this paper for the sake of brevity) showed that the assumption of symmetry would lead to insignificant errors as long as the laminate is balanced.
Mechanical properties of the unidirectional tape
Ell = 130000 MPa G 23 = 3750 MPa 1/23 = 0.45 E22 = 10000 MPa G 13 = 5000 MPa 1/13 = 0.35 E3 3 = lOOOOMPa G I2 = 5000MPa 1/12 = 0.35·
